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© A process tor the production of viable and stable dry microorganisms for food and agricultural 
purposes. 



0 Disclosed Is a method for the microencapsula- 
tion of microorganism cultures. The method involves 

3 mixing the culture with a bufldng agent and water to 
form a homogeneous wet granulation. The wet 
^ granulation is extruded through a die onto the spin* 
QrtfenQ plate of a spheronizing device which results in 
t^the formation of discrete spherical particles. These 
^particles can then be coated with a material which 
provides the microorganism with specific protection 
while allowing rt to carry out its specific function. 
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A PROCESS FOR THE PRODUCTION OF VIABLE AND STABLE DRY MICROORGANISMS FOR FOOD AND 

AGRICULTURAL PURPOSES 



BACKGROUND OF THE INVENTION 

Olson* et aJ disclose in U\S. Patent 4.310,554 a 
process for accelerating the aging process of 
cheese by the use of a microencapsulated enzyme 
or enzyme producing microorganism. The bfocata- 
lyst is microencapsulated by means of mutttpte 
phase emulsion techniques. 

In LLS. Patent 4^4^210, Sogerman, et al di*- 
cJoso a process for preparing enzyme containing 
particles which Involves homogeneously mbdng an 
enzyme \n dry from with a hydmphiftc organic 
cohesive material compatible with th© enzyme and 
a building agent which Is water soluble carbohy- 
drate of 5 to 12 carbon atoms together with a 
moisture regulating agent; dividing the resulting 
mixture into policies and costing the particles with 
a water repaUent agent such as paraffin oft. 

In U.S, Patent 3,775,331 there is disclosed a 
process for the preparation of enzyme spheres. 
The process involves mixing a normally sofld syn- 
thetic enryme wfth a normally soKd synthetic or- 
ganic surface active agent at a temperature at 
which the enzyme is stable, rnechanicalry, working 
the mixture through small openings in a die to 
produce filaments and mechanically sphsronizEng 
these filaments by placing them on the revolving 
fr iction plate of a spheronfcring device of the type 
presently under consideratioru 

There is disclosed in US. Patent 3,730,841 to 
Salvatore, et al a method of treating bound en- 
zymes by encapsulating - the anzymo in a costing 
through which the substrate and its conversion 
product is permeable such as an alginate or ce4* 
luicsa. 

Kondo, et al, la U.S. Patent 3,746,621, disclose 
a method for making enzyme containing micro- 
capsules which involves forming a dispersion of an 
enzyme, a binder such as getating, casein, dextrin, 
gum arable or ceftutose derivative^ a solvent for 
the binder and a swettable sofid which is insokjtble 
in the binder and spray drying the dispersion at a 
temperature below tnat at wnich the enzyme under- 
goes denatu ration. 

In ILS. Patent 4,251,632, Chen, et al describe 
cell aggregates of enzyme producing bacterial cells 
which have been treated with the cross-Rnking re- 
action product of gtutaraldahyde, cyanunc hafide 
and a water soluble catrarnc poryamine and in- 
creasing the strength of the aggregate by adding 
thereto fines generated during the earlier produc- 
tion of a samitar such aggregate. 



Co-pending application EP-A-83 102 649,7 filed 
by wNao, et al on March 17, 1983, claims a method 
for the production of spherically shaped bacterial 
ceH aggregates which involves Imroducing a tong- 

s chain, polyamtna, catiora'c ftoccjilsting agent which 
is an eoihalohydrin/polyarnine copolymer and a 
crcss^Hrtking agent for the flocculating agent to an 
aqueous mec&um containing the bacterial cella to 
flocculate them and form a c^lAcrossHinked 

id poryarnine aggregate which is spheranteed by ex- 
truding it through a die onto the revolving plate of a 
spheronizing device. This method is especially 
suitable for immobilizing celts containing glucose 
Isomerasa. Thus, the method involves the forma* 

*s tfon of spheres of immobilized intracellular enzyme 
rather than viable cells of the microorganism. 

SUMMARY OF THE INVENTION 

20 The present invention fe a method for the pro- 

duction of stable, spherical particles of viable mi- 
croorganisms which comprises the steps at 

a) mixing a spray-dried, freeze-drted or liq- 
25 utd culture concentrate of the viable 

microcrgantsm with a bulking agent to form 
a homogeneous wet granulation having a 
water content of about 35 to 60% on a w/w 

30 basis; 

b) extruding the wet granulation through a 
die of reduced cross-sectional area to pro- 
duce filaments thereof having a diameter ar> 

as proximately the size of the desired spheres 

onto the rotating plate of a spheronizing de- 
vice which comprises a milled friction plate 
as rotor situated in a cylinder such thai the 
cylinder provtd&e a stationary atdewatl for 

«o the plats whUe allowing it freedom to rotate; 

c) rotating the plate at a tangential speed 
sufficient to cause the filaments to be dis- 
posed against the cylinder wait and be 

45 shaped into discrete spherical particles; and 

d) drying the spherical particles to a level of 
from 5 to 10^pc water on a w/w basts. 

Optionally there is Included the additional step 
so of coating the spherical particles with a material 
which provides the microorganism with specific 
protection while allowing it to carry out its desired 
function. 
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DESCRIPTION OF THE INVENTION 

Culture concentrates of harmless lactic add 
producing bacteria suitable tor use in the present 
invention include, for example, Streptococcus lacy 
f/s, $> cremoris, S. oTa^etftofrs, S.thetmophifus, 
LA&obacMus butgariows, Lacftiophfivs, heh 
v&ticua, L bffktos. L case/, L tectrs, L pi&ttmmi, 
L defbnteckn, L. thermophilic, L hrrneniJi 
PedfOCGccus cervtefae and P, actdfiactfo Tha term 
microorganism includes trie broad class of hanrr 
less, Le., nonpathogenic, acid producing bacteria. 
In general, such bacteria possess the ability to 
ferment simple* carbohydrates- Th«$o can bo pro- 
vided in spray-dried, fnoese-dried or liquid con- 
centrate) form by using standard procedures known 
to those skilled in the art for each method of 
concentration, in addition to lactic acid producing 
bacteria, other bacteria such as msthanoftenic bac- 
teria tor production of fuel methane, ceiluloiytic or 
amyJolytlc cultures tor animal load applications or 
olrters such as Eubacteriumspectes for specific 
metabolites and yeast cultures suitable for us© in 
the wine and baking industry such as Sac- 
ch&omycBs cerev/s/ae, S. G8risberQQne&te. S- cor- 
eahua and Towiopts hoimftcan be stabilised by this 
method. 

In practicing this invention, the culture con- 
centrate is mixed with a buflting agent which serves 
the purpose of acting as a carrier to provide texture 
to the formulation so that rt can be extruded and 
spheron&ed in later steps of the process. Typically, 
the bulking agent is used in a ratio of 1 to 3 parts 
of bulking agent to 3 parts of the viable microor- 
ganism on a weight basts. SuftaWe bulking agents 
include food grade cellulose; polysaccharide? sucti 
as rnoltrin, lactose and starctn nonfat milk: sofids; 
caseinate sate, and rice hulls. The culture con- 
centrate Is mixed with the bulking agent and suffi- 
cient water to form a homogeneous wet granulation 
having a water content of about 35 to f£% and 
preferably 38 to 45% on a weight basis . Option- 
aHy, a lubricant can be blended Into the formulation 
to reduce friction at the die during extrtusion, Suit- 
able lubricants include mineral oil polyois (such as 
glycerol, poh/ethyten* glycol), rx>lysorbates {such 
as polyoxy ethylene sorbitan mooolaurate. 

polyoxy ethylene sorbitan monostearate, 

polyoxyethytene sorbitan monooleate), 

carbohydrates (such as lactose, fructose) and ed- 



ible vegetable oils (such as corn, coconut olive, 
peanut soybean). Typically, the lubricant is added 
- in an amount of up to about 5 weight % of the 
formulation when used. 
s After thorough mixing to form a homogeneous 

wet granulation, the material is extruded through a 
die having a reduced cross-sectional area onto the 
rotating plate of a sprteronizing device which com- 
prises a milled friction plate as rotor situated k\ a 

70 cylinder such that the cyfirtder provides a station- 
ary sidewail for the plate while allowing It to rotate 
freely. The extruded granulation, upon being fed 
from the extruder onto the spinning milled plate, is 
cSsposed against the cylinder wall into an annular 

rs or doughnut-rifce shape wtth a gradient cross-sec- 
tton. The resultant filaments are Initially broken 
down into short pieces* Ideally equal to their diam- 
eter, by the friction force of the milted plate and 
also by the intergranular coifision and friction of the 

20 moving filaments- The characteristic disposition of 
the filaments results from the centrifugal force of 
the spinning of the pJate and the tangential force of 
the friction between the filament and the milled 
plate surface. A smooth spinning surface does not 

£5 allow the extrudate to roil but just to slide to the 
periphery of the plate- The type of spheronizing 
device contemplated for use in the process of this 
invention can quickly convert the extruded granula- 
tion into small, compact easiry handled 3pherea. 

so The filaments Initially hreak down into pellets. The 
accelerating and the decelerating pellets wrthfn the 
mass form a pettern of velocity gradients which 
result in woven rope-lWce formations. The srctrudate 
is broken down into pellets which are shaped into 

as spheres with a diameter Ideally, equal to the diam- 
eter of the orifice through which the wet granulation 
was extruded. The spheron&ng machine used in 
the following examples is marketed by Fujio Facte* 
Co., Ud*, 0saka r Japan under the tradename 

40 Marumerizer Q-230, This device has a rotor which 
is 23 centimeters In diameter. Typically, the plate 
win be rotated at a speed of too to 7D0 revokjtions 
per minute and preferably at a speed of 350 to 500 
RPM to provide a tangential velocity of 4,1 to 5.B 

45 meters per second when using a sphemnudng de- 
vice with e disk having a diameter of 9 Inches. - 
(tangential speed = RPM + 60 X n X diameter of 
plate), the speed of rotation Is too great the plate 
wHl simpry spin the filaments toward its periphery 

so so rapidly and strongly that they will become com- 
pressed against the cylinder well and create un- 
desirable particles, whereas rotating the plate too 
slowly wiH not achieve the desired spheroniaation 
since there is not provided sufficient momentum 

« within the spinning filament? for collision and fric- 
tion as a dowrn sizing and spheronizing torce. 



3 



PAGE 47/133 * RCVD AT 6125/2004 4:41 ;25 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 * DNIS:8729306 * CSID:7033834804 * DURATION (mm-ss):43-06 



nt By: HOLLANDER LAW FIRM, P.L.C.; 7033834804; Jun-25-04 5:05PM; Page 48 

5 0 202 409 6 



After sphoronizatiori, the cell aggregate par- 
ticles are dried to a moisture level of from about 5 
to 10%, preferably 6 to 9%, on a weight basis 
typteaBy in a flulcfcied bed dryer. The dyrtng step 
is preferably carried out at a temperature below 
that of tha mtaioorganism's optimum growth tem- 
perature because temperatures at or above trie 
optimum growth temperature wfil reeuft in a loss of 
viability. Those sphericai particles contain viable 
cells which wilt retain thoir viability over long 
periods Of time- They can be used, for example, in 
the production of cheeses, yogurts, meat preserva- 
tion, ensa&ge adefltrves, animal and food supple- 
ments and food fermentation for preservation pur- 
purea 

We have found that the viability of the celts can 
be enhanced by applying a coaling materia*. The 
dried spherical particles are coated with a material 
which provides the mlcroonjenism culture with spe- 
cific protection while allowing it to carry out Its 
desired function. For example, coatings can be 
selected which will improve retention of the cul- 
ture's viability at elevated temperatures or protect 
the eutinrs's viafcufity against moisture, oxygen or 
law/high pH environemts. The selection of the coat- 
ing material wit] depend on the Intended final use 
of the spheronized culture. Thus, cultures to be 
used as a problonc can be coated with enteric 
coating materials which can prote<3 them from gas- 
tric acids and bile salts. Suitable enteric coaling 
materials include formatfrHreated gelatin, shellac, 
soin, cellulose acetate pttthatate (CAP), polyvinyl 
acetate phthaiate (PVAP), hydroxypiopyi methylcei- 
lulose (HPMQ, starch and amylose acetate 
phthaiatB and styrene^maieic add ocpotyrriers. 
Agents appropriate for use in protecting the cul- 
tures against elevated temperatures include car- 
boxymethylcetiufose, polyethylene glycol, carbohy- 
drates, ejg. lactose, dextrin, msttrin. sucrose, xy- 
lose, and alginate saris. Coating of the spheres is 
typtcalry accomp fished by use of a fluid tzed bed 
dryer or rotating pan spray coater. The spheres 
obtained may be dried In pans or a ftuidtzed bed 
dryer. The Wurster process also may be used. 
Temperatures below or near the culture's optimum 
growth temperature are used to obtain the desired 
moisture level After drying, the spheres are me- 
chanically down-stzed by screening using proper 
sieves with different mesh sizes to obtain a uniform 
material The down-sized material may be coated 
by conventional methods such as spray coating In 
pans or a fluidt^ed bed dryer using a Wurster 
apparatus. The preferred method for coating the 
spheres ts a Wurster process which is a one step 
encapsulation method particularly well suited for 
single step coating while applying a uniform coat- 



ing to each particle. The solid spheres are sus- 
pended on an air stream which is designed to 
induce a smooth cyclic flow of particles past the 
device's air inlet nozzle which atomizes the coating 

5 as It is Introduced into the fluidized bed dryer. Tha 
coated particles are Bfted In the air stream which 
dries the parociss as It Bfts them away from the 
spraying nozzle. At the top of the air spout the 
particles settle out of the air stream and begin 

10 another cycle past the nozzle. The cycle continues 
until the desired coating thickness has boon 
achieved. The coaling material is applied from He 
aqueous solution or suspension, depending on its 
chemical nature and solution characteristics. 

is The method of practicing the invention is fur- 
ther Illustrated by the following examples fin which 
aD percentages are by weight unless otherwise 
specified* 

so EXAMPLE I 

Fifty parte by weight of spray-dried, viable Lac- 
tobaefflus pianiwvmATCG 39542 containing 2 to 
4% by weight of nonfat milk solids and having u 
as moisture content of &S% w/w was mixed to ho* 
mogenorty whh 60 parts by weight of SoJka floe 
BW300 (a powdered food grade cellulose from 
BerBn^orham Group of Hackensack, NJ.). One 
part by weight of glycerol was mixed with 54 parts 
M by weight of dsrtflted water and this mixture was 
slowly added by droplets to the homogeneous 
powder mixture at 22'C and mixed very slowly 
with a Hobart mechanical mixer. This procedure 
resulted in the formation of a homogeneous granu- 
le lation at 37% ■■moistore which was fed Into a Wen- 
gar XBD extruder modified to use e peripheral 
screen having orifices of 1.2 mnu The mixture was 
extruded at 22*C using an extruder screw operat- 
ing at 66 revolutions per minute to form extruded 
40 filaments which were imrneofatery placed on the 
mm (9 inch) dtamter friction plate a spheronk- 
ing device as previously described to provide 
spheres having tfameters of about 1*2 mm by 
rotating the plate at 350 rpm. 
45 The spheres were dried to a moisture of 9% 

w/w in a Oni Qlatt fluidized bed dryer from Gtatt Air 
Techniques, Inc. The dried spheres were mechani- 
calty sized by screening using appropriate sieves 
to obtain uniform sized particles. Rve hundred 
so grams of the umforrn size spheres 0,84 mm (-10 + 
20) mash) were coated with 0.28% w/v socfium 
alginate in aqueous solution by spray coating in a 
Qlatt Urn Glatt flukfeed bed dryer using a Wurster 

55 
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insert to yield a final 0.04% w/w coating of sodium 
alginate, The coated and uncoat&d products were 
stored at 4*C, 22«C, 32"C and 37*C and then 
sampled at time periods to generate stability data. 

For testing purposes, each sample of 0.1 gran 
was transferred into 0.9 mi sterile distilled peptone 
(0.1%) water m tubes at room temperature. The 
dissolved samples ware vortexed at high speed to 
break up particles and severat dilutions were made 



in sterile 0-1% peptone water. Dilutions w « r e plated 
to bracket l * 10* colony forming units per gram 
of sample and <U mi portions of the dilutions wen* 
piated onto APT (Ail Purpose Tween medium from 
$ Difco) agar pistes m duplicate. The plates were 
incubated anaerobfcally for 48 hours at 37- C and 
the colony forming units per gram (CFU/gm) deter- 
mined by th© us© of a Quebec automatic colony 
counter and means reported as set out in Table 1. 



Table 1 
Stability Buulcs 
for Example Qua 



4*C 2Z'C 







0.04Z W/V 




Days 




Sodium AJ.gl&*t* 




1 


1.9 X 10 10 


1,5 X 10 10 


1.9 X 10 10 


S 




i.a 1 10 10 


9-1 X 10 6 


15 


5*6 X 10 ID 


1.6 X 10 10 


7.7 X ID 7 


51 


1*4 X 1C AD 


4.3 X 10 lQ 





0*<*Z w/V 
Sadl.ua AiffidACt 

1-9 3C 10 10 
1-0 X I0 ifl 
5.5 X IC ? 



32* C 37 "C 

o.OU w/u o.oa: c/u- 

Hay* Unerased Sodium Algliutct Uacuftced Sodiua Aljicaca 

1 1.3 X lO 1 * 1.9 X 10 A0 L9 X l + 9 X 10 la 

2 2.9 X 10* $.9 X 10* 4,4 X iO 7 4.2 X 10 T 
fl 2-9 X 10* 1.8 X 10* 

M 2*5 X 10 U 3.4 X 10"* 



From Table 1 It can be determined that at 4*C 
both coated and uncoated partides show similar 
stability. However, at 22°C the coating stabilizes 
ihe viable call count 70 fold over the uncoated 
spheres after 25 days. At 32*C and 37°C the 
sodium alginate did not protect the culture, 

EXAMPLE II 

A preparation containing viable ceils of 
LpiantarumATGG 39542 liquid concentrate was 
prepared as follows: 

One part by weight of glycerol was mixed with 
20 parts by weight of the liquid concentrate. 
Twelve parts by weight of Solka floe BW300 was 
then added to the liquid concentrate/glycerol mix- 



ture to provide a homogeneous wet granulation. 
Spherical particles war* obtained by the method 
3S described in Example I except that a 0.7 mm 
screen was ua&rf on the extruder. 

Five hundred grams of the dried spheres (- 
20 + 50 mesh size $2J) mm, 0.30 mm)) were coated 
with 0.2% w/w carboxy methyl cellulose to yield a 
final coating of 0.04% w/w. The coated and un- 
coated spheres were stored at 4°C, 22*C, 22" C 
and 37*C to determine stability with the stability 
results being determined by the method of exam- 
ple t 

45 
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Table 2 
StablUcy Rcsulcs 
far Ex*tupl* Two 

4*C 22*C 



0.O4Z \tjM 0.042 W/U 

Bays Oncoated * CHC U&tA&zmd CMC 

1 1.9 X iO 10 1*9 X I0 10 1.9 X 10 10 1.9 X lO 10 

& 3*0 I LO 25 2.1 X It) 10 9*1 X iO 8 1.1 X 10*° 

15 5.6 X 10 10 1-3 X I0 10 7-7 X 10 7 3.5 X 10* 

Z3 i-3 X ID 6 5*B X 10* 

51 1*4 X 10" 3.4 X 1Q" 



32* C 



37* C 







0.041 W/W 




0- 04Z W 


Days 




etc 


One evaded 


CMC 




1,9 X lO 10 


1-9 X lQl° 


1*9 X X0 ld 


1*9 X 10 i0 


2 


2.9 X 10* 


1.2 X 101° 


4.4 X 10? 


1.9 X 10* 


6 


3-0 X 10" 


1*5 X 10» 






14 


LJ X 103 


9.5 X 10* 


2.3 X 10** 


6-5 X 10* 



20 



The data presented in Tabte 2 show that at 
4°C both coated and uncoated spheres show simf- 
lar results. AT ££*C, 32° C and 37 a C the car box- 
ymethyi ceMose costing protects the culture to a 
greater extent 

EXAMPLE HI 

Twenty parte by weight of viable PqcSococcub 
aadtlactiai liquid concentrate containing 75% w/w 
moisiure was mixed with 1 part by weight of glyc- 
erol and 12 parts by weight of Sclka floe BW300 to 



25 



30 



prepare viable dry spherical particles (7% -8% w/w 
final moisture content) of the microorganisrn by the 
method described in Example I. Five hundred 
grams of the particles obtained at 20 mash (0.34 
mm) size after drying were coated with polyethyl- 
ene giycoJ 3000 (60% w/v) in water, giving a 10% 
w/w coating. The coated and imcofited spheres 
wore kept at 4*C r 22° C and 32*C to determine 
their stability. Stability results were determined by 
the procedure described in Example L 



1£ 

X**le 3 
for Exaapl* 3 

4*C tFC 32*C 

iox W/W 102 W/W 10S v/v 

Day* tfnco*c*d PEC DncoAttd PEG Dncoac*ci PEC 

0- 2.0 I lQi 1 2.0 X t0 11 r.0 X 10" 3-0 X 10U 2.0 I I0 il 2-D X 10 : * 

7 2-5 X lO** l.SXIO 11 1.9 X U^ 1 2.6 X ID 11 1.3 X 10 :1 

13 1.9 X 10*1 2.3 X 10** 3.7 X 10*1 A. 2 X 101* 1-3 X 10*1 4.4 X 10U 

35 2.6 X 10H . 2.0 I UJH 4-9 X 10" 3.9 X 10^ 1,0 X 102 2.2 X 10'^ 



The culture uood in this example is more hardy 
than those used in previous examplas. This can be 
seen in the data of Table 3 where at 4 m C and 22°C 
the results are similar whether coated or uncoated. 
However, after 35 days at 35*C the PEG coated 
particles old show greater viability- 



EXAMPLE IV 

so The following com position was used to pro- 

duce dry spherical pertidos of Streptococcus 
cromoris using the method of Example I: 2A parts 
by weight of liquid viable concentrate were mixed 
with t part by weight of glycerol and 14 parte by 

W weight Of Soika floe 3W3Q0. A 07 mm screen was 
used to obtain much smaller particles than in Ex- 
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ample L The* spheronized product was dried in the 
Glatt fluidized bad dryer at on in tot temperature of 
2B°C and an outlet temperature of 22*C to a 
moisture level of 8% w/w. The particles wer© not 
coaled but stored at 4*C and 22*C, Stability re- $ 
suits for these partid** are set out in Tabfe 4. 



Stability KasulCs 
for E**mpX* £ 

A*C 22*C 

* 3.0 X 10* 3.0 X 10* 



The data of Table 4 demonstrate thai the bac- 
teria* cells in the uncoaled particles retain full via- 
bility for 76 days at 4° C and partial viability at 
22"C for 76 days. 

EXAMPLE V 

With much attention focussed on th© relation of 
gut microecotofly to animal and human health, spe- 
cies of tactic acid producing bacteria have been 
reported to influence the composition or types of 
microorganisms hi the gut. For many of those 
microorganisms, the stomach id a hostile environ- 
ment where a number of factors or compounds 
discourage their survival. These -factors include pH, 
fatty acids as well as ottter organic and morgan ic 
acids. 

The cultures of thte invention in the form of 
spheres can be protected against the gastric envi- 
ronment by coating with a pH sensitive film or 
enteric coating. Enteric coatings are those which 
remain undissolved in the stomach but will readily 
dissolve and release the culture on encountering 



20 

the small intestine. Their main function is to protect 
the cultures from tnactivation In the stomach. The 
pH sensitive film or enteric coating must be water 
dispersibte and nontoxic to the microorganism, 
is in practicing the above embodiment of this 

invention, 30 grams of polyvinyl acetate phthalate - 
(PVAP) was added slowly to 200 milliliters of dis- 
tilled water at room temperature (20* -24*C) with 
constant m being over 3G rnertutes. hfigh shear mix- 
so mg was needed to ensure proper dispersion. After 
30 minutes. 1-2 mitfimers of a 30% United States 
Pharmacoepia grade purity solution of ammonium 
hydroxide was added wrth stirring. The resulting 
suspension was passed through a 40 mesh {0.42 
35 mm), screen before sp*aymg: Uncoated product - 
(500 grams) for Example I was coated with the 200 
milliliters of PVAP solution In the Giatt flukfiaed bed 
dryer and dried for 15 minutes at an inlet tempera- 
ture of 30* C and an outlet temperature of 24*C, 
40 The coated and unc Gated L^pttterunrspheres 

were exposed for various periods of time to simu- 
lated (U.S. Phajrnacoepia formulation) Intestinal 
fluids for 30 minutes followed by a quantitative 
assay far viability the results of which are set out in 
4& Table 5, 
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Gastrin Fluids Effect 

Rrs in CajstXic fluid PVAF C»«ed Sphere* Dzicosce* Spber*s 

0-3 tt*. 3,8 X 10 :0 1-3 x 

2.0 Ex, 4-9 X 10 i0 9-1 X 10 7 

4*0 llr, 6,0 X 1Q :0 3*1 X 10" 

6,0 Ux. 4*4 X 10 10 1-0 X 10 1 



From Tdbie 5 rt can be determined that the 
PVAP coated particles retained full viability for 6 
hours in this to vrtrostudv whereas the uncoated 
particles showed a dramatic da crease In the count 
of viable cells* 

Claims 

1. A method for the production or spherical par- 
ticle* of viable microorganisms which comprises 
the steps at 

a) mixing a spray-dried, freeze-dried or Squid 
culture concentrate of the viable microorganism 
with a bulking agent and water to form a homo- 
genous wet granulation having a water content of 
about 35% to 60% on a w/w basis; 

b) extruding the wet granulation through a die of 
reduced cross-sectional arsa to produce fila- 
ments thereof-having a diameter approximately 
the £29 of the desired spheres and placing them 
on the rotating plate of a spheranizing device 
which comprises a mttled friction ptafte as rotor 
situated in a cylinder such foat the cylinder pro- 
vides a stationary sldewafl for the plate while 
allowing It freedom to rotate; 

c) rotating th$ plate at a tangerttfs* velocity suffi- 
cient to cau$e the extruded granulation to be 
disposed against the cylinder wall and be 
shaped into discrete spherical particles; and 

<f) drying the spherical partictes to a water level 
of from 5% to 10% water on a wAv baste. 

2. The process of Claim 1 which includes the 
additional step of coating the spherical particles 
with a material which provides the microorgan- 
ism culture Tvtth specific protection while allowing 
it to carry out its deseed function. 

3, The method of Claims 1 or 2 wrter^in the 



microorganism is a rnetrtanogenic bacteria or a 
celtulorytic or amyiorytic bacteria suitable for use 
in animal feed application or a yeast culture 
suitable for use in the wine and baking industry 
from the genera and species Saccharromyces 
cerevtstae, S. carisbergenests, S. cor&anus or 
Torutopis hoimU- 

4. The method of any 0* the Claims 1 to 3 
wherein the bulking agent is a cellulose product 
such as rice hulis or powdered food grade cel- 
lulose, nonfat milk so fids, caseinate salts or poly- 
saccharide such as maftrin. lactose or starch. 

5. The method of any of the Claims 1 to 4 
wherein the lubricant is added to the culture 
concentrate vhen forming the wet granulation. 

S. The method of any of the Claims 1 to 5 
wherein the spherical particle is coated with e 
material which protects the culture from gastric 
acids and bfie salts. 

7. The method of Claim & wherein the coating 
materia* is fo^eim-treated gelatin, shefiac, zeki, 
cafluiose acetate phthalate (CAP), polyvinyl ace- 
tate pbmaiate (PVAP). hydroxypropyl methyl cel- 
lulose (HPMC), starch and amytose acetate 
phthaiate and styrene-meieic add copolymers, 

8. Spherical particles containing viable microor- 
ganism eotts prepared by the method of 

a) mixing & spray-dried, freeze-dried or liquid 
culture concentrate of the viattfe rrtcioorganism 
with a bulking agent and water to form a homo- 
geneous wet granulation having a water content 
of about 35% to 60% on a w/w basis; 

b) extruding the wet granulation through a die of 
reduced cross-sectional area to produce fila- 
ments thereof having a diameter approximately 
the size of the desired spheres and placing them 
on the rotating piate of a spheronizing device 
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which comprises a milled friction ptete as rotor 
situated In a cylinder such that the cylinder pro- 
vides a stationary afdewaJf for the plat* while 
allowing it freedom to rotate: 

5 

c) rotating the plate s$ a tangential vetocJty suffi- 
cient to cause the extruded granulation to be 
disposed against the cylinder wall and be 
shaped into cfiscrete spherical partictes; and 

10 

d) drying the spherical particles to a water level 
of from 5% to 10% water on w/w basis, 

9) a spherical particle containing viable cafte of a 
nonpathogenic microorganism and a bulking 75 
agent to 3 parts of the viable rracToonganlfim said 
particle having a uniform surface coating of a 
material which provide* the microorganism wHh 
specific protection while allowing it to carry out 
Us desired function, z> 

10, A method for the production of stable, 
spherical particles containing a cuhyra concen- 
trate of a lactic acid producing bacteria which 
comprises the steps of: 26 

a) mixing a spray-dried concentrate containing a 
bulking agent in an amount of 1 to 3 parts by 
weight bulking agent to 3 pans of the bacteria 



and water to form a homogeneous wet granula- 
tion having a water content of from 3©% to 45% 
on a w/w basis; 

b} extruding the wot granulation through a die of 
reduced cross-sectional area to produce fila- 
ments thereof having a Diameter approximately 
the size of the desired spheres and placing them 
on the rotating plate of a spheronizing device 
whfch comprises a milled friction plate as rotor 
situated in a cylinder such that the cylinder pro- 
vides a stationary sidewaJI for the plate while 
allowing ft freedom to rotate; 

c) rotating the plate at a tangential speed of 4.1 
to 5-9 meters per second to cause the extruded 
granulation to be disposed against the cylinder 
wall and be shaped into discrete spherical par- 
ticfee: 

d) drying the aprterlcaf particles to a wafer lovoi 
of from 6% to 0% water on a w/w basis at a 
temperature boiow the optimal growth tempera- 
ture of the bacteria; and 

e) coaling the sphericate with a material which 
provides the bacterial culture with specified pro- 
tection white allowing it to carry out Its oesked 
function. 



35 
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